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ABSTRACT 
Wumbei, A., Issahaku, A., Abubakari, A., Lopez, E. and Spanoghe, P. 2019. 
Consumption risk assessment of pesticides residues in yam. Tunisian Journal of Plant 
Protection 14 (2): 49-64. 
 
Chemical pesticides have contributed significantly to agriculture production throughout the world. 
However, human exposure to pesticides remains a critical concern. One important source of human 
exposure to pesticides is through food consumption. The potential negative effects of pesticides have 
resulted in stringent regulation in the production and use of the products, especially in the developed 
countries. To limit the potential negatives effects of pesticides, risk assessments are usually conducted 
by scientific experts to establish the risk levels and to offer risk management strategies. Yam is a food 
commodity widely consumed by Africans both home and by the diaspora. Yam farmers have been using 
pesticides in yam production over years. The public is concerned about the health impacts that may result 
from exposure to residues. This study was designed to assess the risk of dietary intake of 12 pesticides, 
including five insecticides (cadusafos, fenitrothion, imidacloprid, profenofos and propoxur), four 
fungicides (carbendazim, fenpropimorph, metalaxyl, propiconazole) and three herbicides (bentazone, 
glyphosate and pendimethalin) in yam cropped by farmers in the Nanumba traditional area of Ghana. 
Residue and consumption data were collected and combined to derive Estimated Daily Intake (EDI). 
Three approaches were adopted in the calculation of EDI (deterministic, simple distribution and 
probabilistic) and the EDI values were compared with Acceptable Daily Intake (ADI) values. The study 
revealed that farmers’ EDI to the twelve pesticides, according to the deterministic and the simple 
distribution approaches were lower than their respective ADI set by the EU Commission. However, the 
EDI of about 10% of the farmers to fenpropimorph and fenitrothion were higher than their ADI.  
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Agriculture represents an important 
economic sector in Ghana, accounting for 
about 40% of the country’s gross domestic 
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product and offering employing to over 
50% of the economically active population 
of the country (FAO 2018; MoFA 2010). 
With an annual average growth rate of 
2.5%, the population is estimated at 25 
million. Like in many other countries 
throughout the world, the need to increase 
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food production to meet the demands of 
the burgeoning population has led to the 
adoption of chemical pesticides. The use 
of pesticides does not only boost crop 
production, but also serves as an insurance 
policy against devastating crop losses due 
to diseases and pests attacks (Bempah 
2012). As a result, there has been 
increasing use of pesticides in the country 
over the last decade (FAOSTAT 2018).  
When pesticides are used correctly, they 
clearly produce tangible benefits and 
increase crop yields. However, their 
misuse can possibly lead to the presence of 
residues in the environment and in food 
products which could trigger negative 
effects on human health (de Gavelle et al. 
2016; Illyassou et al. 2018; Nougadère et 
al. 2012). Chronic exposure to certain 
categories of pesticides have been linked 
to diseases such as Parkinson’s, cancers 
and Alzheimer’s (Chourasiya et al. 2015; 
Darko and Akoto 2008; Gorell et al. 1998; 
Ouédraogo et al. 2014). Many reports 
showed pesticide residues in vegetables, 
fruits, cereals and yam in Ghana (Bempah 
et al. 2011; Fosu et al. 2017; Samuel et al. 
2012; Wumbei et al. 2018).  
To ensure food safety for the 
public, consumption risk assessment is 
often carried out to determine the risk 
levels and to take appropriate risk 
management decisions. As part of 
consumption risk assessment, exposure 
assessment to pesticides residues is done 
by combining the amount of food 
consumed and the amount of pesticides 
residues present in the food. The obtained 
exposure values are compared with 
Acceptable Daily Intake (ADI) for chronic 
risk assessment and with the Acute 
Reference Dose (ARfD) for acute risk 
assessment in order to make a decision 
regarding food safety (Mekonen et al. 
2015).  
When a certain fraction of the 
population (e.g. median or 95th percentile) 
is exposed to higher levels of the 
concerned chemical than the ADI or 
ARfD, they have a potential risk of illness 
(Hamilton et al. 2004). The risk index (RI) 
for human exposure can be calculated 
using the following formula: 
RI =  
Exposure
ADI or ARfD
 , 
where: RI = Risk Index, ARfD = Acute 
Reference Dose and ADI = Acceptable 
Daily Intake. 
Exposure assessment is defined 
as “the qualitative and/or quantitative 
evaluation of the likely intake of 
biological, chemical or physical agents via 
food as well as exposure from other 
sources”. It involves the estimation of how 
likely an individual or a population will be 
exposed to a chemical of concern and how 
much of that chemical is taken up in the 
body through consumption of food, 
drinking water and others (Lammerding 
and Fazil 2000). 
It requires many data sources, 
such as: supervised field residue trials, 
national pesticides monitoring programs 
and food consumption surveys. Exposure 
assessment can be calculated for both 
chronic (long term) and acute (short term) 
scenarios. When samples residues are 
below Limit of Detection (LOD) or Limit 
of Quantification (LOQ), different 
scenarios can be adopted: lower bound 
(replacing non-detects by 0), medium 
bound (replacing non-detects by ½ of 
LOD/LOQ) and upper bound (replacing 
non-detects by the LOD/LOQ). The 
adoption of the lower bound is sometimes 
called the ‘optimistic scenario’ and the 
adoption of the upper bound is called the 
‘pessimistic scenario’ (Kettler et al. 2015). 
The two well-known dietary 
exposure assessment methods are the 
deterministic and probabilistic methods. 
The deterministic exposure model can be 
used as a simple exposure modeling tool 
on fixed values (point estimates) derived 
from residue concentrations and 
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consumption data. The deterministic 
calculation is done by multiplying a fixed 
value of the food consumed and residue 
concentration, usually the mean or 97.5 
percentile values (worst case scenario) 
(FAO/WHO 1997; Kroes et al. 2002). 
Deterministic exposure models are used as 
a low tier approach to determine whether 
there is an indication of concern for the 
given exposure. They form part of the 
regulatory decision making guidelines 
because of their simplicity, rapidity and 
inexpensive character (EFSA 2012; 
Hamilton et al. 2004). The deterministic 
model does not include information about 
variability in potential exposure of the 
population.  
Probabilistic dietary exposure 
models are the most preferred exposure 
models, because they take into account the 
distribution of one or more parameters to 
represent variation and uncertainty and 
generate more realistic exposure 
estimates. Most of these distributional 
models are based on Monte Carlo 
simulations and are referred to as Monte 
Carlo models (EFSA 2012; Hamilton et al. 
2004). The simulation is repeated for a 
certain number of iteration (e.g. 10,000) 
using statistical software such as @Risk or 
Monte Carlo Risk Assessment and results 
in intake curve of the concerned 
population (Kettler et al. 2015).  
Yam (Dioscorea spp.), as one of 
the important staples and cash crops in 
Ghana, is consumed by many people, 
especially, people in the Nanumba 
traditional area.  There is public concern 
regarding pesticides residues and their 
possible health risks. This study was 
initiated based on residues analysis in 
Wumbei et al. (2018) and Wumbei et al. 
(2019), to estimate farmers risk of dietary 
intake of 12 pesticides (bentazone, 
carbendazim, cadusafos, fenitrothion 
fenpropimorph, glyphosate, imidacloprid, 
metalaxyl, pendimethalin, profenofos, 
propiconazole and propoxur) in yam, 
using deterministic, simple distribution 
and probabilistic methods and to 
determine the risk associated with such 
exposures.  
 
MATERIALS AND METHODS 
Consumption survey. 
To be able to estimate intake of 
pesticides, consumption data were 
collected from 100 farmers from randomly 
selected households in eight communities 
in the Nanumba traditional area (Nanumba 
South and North districts) during the yam 
planting season of March, 2016. During 
the survey, socio-demographic data 
including weight of the farmers were 
collected. The consumption data were 
collected in a repeated 24 hours recall 
interview in accordance with standard 
practice (Illyassou et al., 2018). The interviews 
were done in two non-consecutive days 
separated by 15 days. The interviews were 
done face-to-face by trained interviewers 
using a structured questionnaire. The type 
of yam dish eaten and the amount of yam 
consumed was estimated using pictures of 
various portion sizes. The average of the 
two recall interviews was taken and used 
to calculate yam consumption on a daily 
basis. The average daily consumption 
(kg/kg bodyweight (BW)/day) of yam for 
each person was calculated.  
 
Yam sampling and sample preparation 
for residues analysis. 
A total of 328 yam samples were 
collected. Out of this number, 150 samples 
were collected from Ghanaian markets, 
100 samples were collected from 
households in Ghana, 48 samples were 
collected from a field trial in Ghana and 30 
samples were collected from shops in 
Ghent, Belgium. The yam samples 
collected from Ghent were imported from 
Ghana.  Sample preparation, extraction 
and analysis for pesticides residues were 
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done in Wumbei et al. (2018) and Wumbei 
et al. 2019.  
 
Exposure analysis. 
Pesticides residue data of 
Wumbei et al. (2018) and Wumbei et al. 
(2019) were pooled for the consumer 
exposure assessment. This was done by 
calculating the EDI i.e. chronic exposure. 
The residues of each pesticide were mostly 
below the LOD. Therefore, in the dietary 
exposure assessment, the upper bound 
scenario, also known as the pessimistic 
was adopted. The exposure was compared 
with the toxicological limits i.e. ADI of the 
pesticides. Three approaches were adopted 
for the exposure assessment, i.e. the 
deterministic, the simple distribution and 
the probabilistic, as prescribed by the 
European Food Safety Authority (EFSA 
2012). Fenitrothion and fenpropimorph 
were assessed deterministically and 
probabilistically and the rest were assessed 
by simple distribution. An independent t-
test was conducted to compare the 
estimated dietary exposure of the farmers 
to the two pesticides derived from the 
probabilistic and deterministic 
approaches.  
Dietary exposure to fenitrothion 
and fenpropimorph was calculated based 
on the daily yam consumption data and the 
pesticide residues in yam, using the 
deterministic approach. This is a method 
that makes use of point estimations. In this 
study, the dietary exposure was estimated 
by multiplying a single value of 
consumption and a single value of 
concentration and dividing by the body 
weight as in the equation below: 
EDI (
mg
kg bodyweight
day⁄
⁄ )
=  
Residue ((
mg
kg⁄  )x Consumption (
kg
day⁄ )  x E)
Bodyweight (kg)
 
where: E = correction factor for the edible 
portion. 
 However, since the yam samples 
were peeled before being analyzed 
Wumbei et al.  (2018) and Wumbei et al. 
(2019), there was no need to correct for the 
edible part, hence E was taken as 1. 
Statistical means and percentiles (P 50, P 
75, P 90, P 95, P 97.5 and P 99) were 
calculated for the consumption and 
concentration data, and combined to 
generate the corresponding exposures.  
Probabilistic dietary exposure 
assessment was done using @Risk® 5.7 
software, version 6.0, a Microsoft Excel 
add in program from Palisade Corporation, 
USA. In contrast to the deterministic 
approach, here both the consumption and 
concentration data were fitted to 
distributions after which the consumption 
and concentration distributions were 
combined to obtain an exposure 
distribution. Subsequent to the generation 
of the exposure distribution, first-order 
Monte-Carlo simulation was performed 
with 10,000 iterations. From the simulated 
results the means and relevant percentiles 
(P 50, P 75, P 90, P 95 P 97.5 and P 99) of 
the estimated exposure to the two 
pesticides were determined. In the process 
of the probabilistic risk assessment, the 
residue data of fenitrothion and 
fenpropimorph could not be fitted directly 
to a distribution. Hence, the data were 
grouped into high values (above the LOQ), 
medium values (LOQ) and low values 
(LOD). The high values were fitted to a 
distribution, after which the IF function in 
@Risk® was used to generate a random 
distribution for the residue data (lower 
bound values and upper bound values). 
The IF function for the lower 
bound distribution was: IF(RAND() < 
fraction of LOD;0;IF(RAND() < fraction 
of LOQ; LOD;distribution of fraction 
above LOQ)).  
The IF function for the upper 
bound distribution was: IF(RAND() < 
fraction of LOQ; LOD;IF(RAND() < 
Tunisian Journal of Plant Protection                    53                                                  Vol. 14, No 2, 2019 
fraction above LOQ ; LOQ; distribution of 
fraction above LOQ)).  
The consumption data on the 
other hand, had only one zero and 
therefore, it was possible to fit it directly 
to a distribution. Subsequent to the 
generation of the random distributions 
(lower bound and upper bound) for both 
pesticides, exposure was calculated by 
adding output in @Risk® and multiplying 
the random distributions by the 
consumption distribution.  
With the simple distribution 
approach, a single residue value is 
combined with a distribution of 
consumption to obtain an exposure 
estimate. The 10 pesticides detected with 
concentrations below their LOD/LOQ, 
were converted to the LOD/LOQ. These 
single values were combined with the 
distribution of the yam consumption data 
to obtain exposure estimates for the 
pesticides. Like in the case of the 
probabilistic approach, the exposure 
estimates were subjected to Monte-Carlo 
simulation with 10,000 iterations and from 
the simulated results the means and the 
relevant percentiles (P 50, P 75, P 90, P 95, 
P 97.5 and P 99) of the estimated exposure 
were determined.   
 
RESULTS   
Socio-demographic data. 
The majority (99%) of the 
farmers interviewed were adult men with 
their ages ranging between 21 and 65 
years. The weight of the famers ranged 
between 55 and 99 kg with an average of 
69 kg. The farmers consume yam a 
maximum of three times and a minimum 
of one time per day with the individual 
consumption ranging between 0.12 kg and 
0.85 kg/day, with an average of 0.4 
kg/day. 
 
Pesticides residue concentration and 
consumption data. 
Residues data of twelve 
pesticides and consumption data of 100 
people were used for the dietary intake 
assessment. Out of the twelve pesticides, 
there were 314 residues detects for 
fenpropimorph, 288 for cadusafos and 257 
for fenitrothion, out of 328 samples. The 
rest of the pesticides had more non-detects 
(zeros) than detects. Among them, there 
were 58 residue detects for metalxyl, 41 
for propiconazole, 19 for propoxur, 14 for 
glyphosate, 6 for bentazone and 2 for 
carbendazim. The rest (imidacloprid, 
pendimethalin and profenofos) had only 
one residue detect each.  
 
Exposure assessment.  
The deterministic and 
probabilistic methods of dietary exposure 
assessment were used to evaluate farmers 
EDI towards fenitrothion and 
fenpropimorph while simple distribution 
was used to evaluate farmers EDI to the 
rest of detected pesticides. The levels of 
exposure to the pesticides between the two 
methods (deterministic and probabilistic) 
were compared.  
Dietary exposure assessment by 
the deterministic method was carried out 
based on single point estimation. The 
concentration data of the pesticides, the 
yam consumption data and the resultant 
EDI are presented in Table 1. The mean 
and 99th percentile concentrations of 
fenitrothion were 0.0029 and 0.014 mg/kg 
respectively, while those of 
fenpropimorph were 0.0003 and 0.003 
respectively. The mean and 99th percentile 
yam consumption were 0.006 and 0.013 
kg/kgBW/day respectively.  
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Table 1. Estimated daily intake of fenpropimorph and fenitrothion 
through deterministic exposure assessment and corresponding ADIs 
Exposure 
Residues (mg/kg) 
Fenitrothion Fenpropimorph 
Mean  0.0043 0.0003 
Median 0.0023 0.0002 
P75 0.0069 0.0002 
P90 0.0069 0.0006 
P95 0.0079 0.0007 
P97.5 0.0097 0.0013 
P99 0.0144 0.0031 
Yam consumption (kg/kgBW/day) 
Mean Median P75 P90 P95 P97.5 P99 
0.006 0.006 0.008 0.009 0.01 0.011 0.013 
Exposure 
EDI (mg/kgBW/day) 
Fenitrothion Fenpropimorph 
Mean 0.000026 0.000002 
Median 0.000014 0.000001 
P75 0.000055 0.000002 
P90 0.000062 0.000006 
P95 0.000082 0.000007 
P97.5 0.000110 0.000014 
P99 0.000187 0.000040 
ADI 
(mg/kgBW/day) 
0.005 0.003 
 
 
 
 
 
 
 
 
Simple distribution method of dietary 
exposure assessment. 
The intake results for the 10 
pesticides, whose EDI were assessed 
through the simple distribution method, 
and their respective ADIs are presented in 
Table 2.   
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Table 2. Estimated daily intake of used pesticides through simple distribution and corresponding ADIs 
Residues (mg/kg) 
 
Cadusafos Carbendazim Glyphosate Imidacloprid Metalaxyl 
0.0005 0.0007 0.12 0.0007 0.0009 
Statistical dist. of yam consumption (kg/kgBW/day) = Log logistic(-0,017192;0,02288;14,635) 
Exposure 
EDI (mg/kgBW/day) 
Cadusafos Carbendazim Glyphosate Imidacloprid Metalaxyl 
Mean 0.0000029 0.0000041 0.00070 0.0000041 0.0000053 
Median 0.0000028 0.0000039 0.00068 0.0000039 0.0000051 
P75 0.0000037 0.0000052 0.00089 0.0000052 0.0000067 
P90 0.0000047 0.0000066 0.00113 0.0000066 0.0000084 
P95 0.0000054 0.0000075 0.00129 0.0000075 0.0000097 
P97.5 0.0000061 0.0000085 0.00146 0.0000085 0.000011 
P99 0.0000071 0.00001 0.00169 0.00001 0.000013 
ADI 
(mg/kgBW/day) 
0.0004 0.02 0.5 0.06 0.08 
Residues (mg/kg) 
 
Pendimethalin Profenofos Propiconazole Propoxur Bentazone 
0.0003 0.0004 0.0002 0.0004 0.0007 
Exposure 
EDI (mg/kgBW/day) 
Pendimethalin Profenofos Propiconazole Propoxur Bentazone 
Mean 0.0000018 0.0000023 0.0000012 0.0000023 0.0000041 
Median 0.0000017 0.0000022 0.0000011 0.0000022 0.0000039 
P75 0.0000022 0.0000029 0.0000015 0.0000029 0.0000052 
P90 0.0000028 0.0000037 0.0000019 0.0000037 0.0000066 
P95 0.0000032 0.0000043 0.0000021 0.0000043 0.0000075 
P97.5 0.0000036 0.0000049 0.0000024 0.0000049 0.0000085 
P99 0.0000042 0.0000056 0.0000028 0.0000056 0.00001 
ADI 
(mg/kgBW/day) 
0.125 0.03 0.04 0.02  
 
 
With the probabilistic method of 
dietary exposure assessment, the yam 
consumption data and the concentration 
data of fenpropimorph and fenitrothion 
were fitted to distributions in @Risk®, the 
palisade Microsoft excel add in program. 
In the case of the concentration data, 
where the data were grouped, the best 
fitting distribution was chosen for the high 
values (>LOQ) prior to the use of the help 
function to find a random distribution. The 
best fitting distribution was also chosen for 
the yam consumption data, considering the 
χ2 value, the shape of the graphs (PP and 
QQ plots) and the closeness of the 
distribution data to the input data. The fit 
comparison curves and the PP and QQ 
plots are presented in Figs. 1, 2, 
respectively.   
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Fig. 1. Fit comparison curves for probabilistic risk assessment. 
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Fig. 2. PP and QQ Plots for probabilistic risk assessment. 
 
 
The distribution for the 
concentration data and that of the 
consumption were multiplied by each 
other to obtain the intake or exposure 
distribution. The distribution for the 
consumption data, the distribution for the 
concentration data of the pesticides and the 
estimated daily intake from the 
probabilistic method are presented in 
Table 3.  
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Table 3. Estimated daily intake of fenpropimorph and fenitrothion through probabilistic exposure assessment 
Statistical Distributions of Residue and Consumption Data 
Fenpropimorph (mg/kg) Fenitrothion (mg/kg) Yam consumption (kg/kgBW/day) 
LB (0), UB (0.0035) LB (0) UB (0.0115) Loglogistic(-0,017192;0,02288;14,635) 
EDI (mg/kgBW/Day) 
Percentile          Fenpropimorph            Fenitrothion  
 Lower  
Bound 
Upper 
Bound Lower Bound Upper Bound 
Mean 0.000008 0.00058 0.000024 0.0012 
Median 0.000000 0.00001 0.000000 0.0001 
P75 0.000000 0.00002 0.000043 0.0022 
P90 0.000006 0.0023 0.000076 0.0042 
P95 0.000011 0.0051 0.0001 0.0052 
P97.5 0.000019 0.0066 0.00013 0.0060 
P99 0.000044 0.0082 0.0002 0.0071 
ADI(mg/kgBW/Day) 0.003 0.003 0.005  0.005 
LB = Lower bound, UB = Upper bound. 
 
 
 
 
 
DISCUSSION 
From the yam consumption 
survey, it was found that majority (99%) 
of the farmers interviewed were adult men 
having ages ranging between 21 and 65 
years. The weight of the famers ranged 
between 55 and 99 kg with an average of 
69 kg. Similar to the per capita yam 
consumption in Ghana as reported by the 
FAO (FAOSTAT, 2019), the farmers 
consume yam on the average 0.4 kg/day.  
From the deterministic exposure 
assessment, it was found that, fenitrothion 
and fenpropimorph did not exceed their 
ADI. For those pesticides whose EDI were 
determined through the simple distribution 
approach, it was found that none of them 
had its EDI exceeding its respective ADI.  
From the probabilistic dietary 
exposure assessment, it was found that the 
estimated daily intake for fenitrothion and 
fenpropimorph, for the lower bound 
scenario, was lower than their respective 
ADI, implying that there was no dietary 
intake risk. However, with the upper 
bound scenario, about 10% of the farmers 
had their EDI to the two pesticides above 
their respective ADI. The EDI of the 10% 
farmers exceeded the ADI of fenitrothion 
by about 4% and exceeded the ADI of 
fenpropimorph by about 70%. This means 
that those farmers had dietary intake risk 
to fenpropimorph and fenitrothion. The 
99th percentile EDI for fenitrothion was 
0.0002 mg/kgBW/day for the lower bound 
scenario and 0.0071 mg/kgBW/day for the 
upper bound scenario. This implies that 
1% of the farmers had their EDI exceeding 
the ADI of fenitrothion by about 42% 
under the upper bound scenario. The 99th 
percentile EDI for fenpropimorph was 
0.000044 mg/kgBW/day for the lower 
bound scenario and 0.0082 mg/kgBW/day 
for the upper bound scenario. This implies 
Tunisian Journal of Plant Protection                    59                                                  Vol. 14, No 2, 2019 
that 1% of the farmers had their EDI 
exceeding the ADI of fenpropimorph by 
about 173%. The results imply that, the 
10% farmers with dietary intake risk to 
fenitrothion and fenpropimorph, are more 
at risk to fenpropimorph than to 
fenitrothion.  This could be attributed to 
the low ADI of fenpropimorph (0.003 
mg/kgBW/day) compared to the high ADI 
of fenitrothion (0.005 mg/kgBW/day).   
Generally, the exposure 
assessment showed that the farmers have 
minimal exposure to the twelve pesticides 
with only about 10% having intake risk 
under the upper bound scenario. These 
minimal exposures to the pesticides could 
be attributed to the very low 
concentrations of the pesticides detected in 
the yam samples (Wumbei et al. 2018 and 
Wumbei et al. 2019), which in turn could 
be attributed to the fact that the yam 
samples were peeled before being 
analyzed, as peeling is found to reduce 
pesticide residues in yam and other root 
vegetables by about 40% (Clostre et al. 
2014). 
The farmers’ exposure to the 
pesticides could even go further lower 
considering the fact that yam is not eaten 
raw, but rather boiled, fried or roasted, 
each of which can contribute to reducing 
the residues of pesticides in food. In a 
study of Kumari (2008) to monitor the 
levels of organochlorines, 
organophosphates, synthetic pyrethroids 
and carbamates in processed and 
unprocessed vegetables, it was found that 
boiling reduced residues by 32-100%.   
Household processing such as boiling is 
found to reduce pesticides residues in food 
by 20 to 100% (Kumari, 2008). In a study 
of  Bonnechère et al. (2012), to measure 
the effect of household and industrial 
processing on pesticides, it was found that 
washing vegetables with tap water could 
reduce pesticides in the vegetables by 10-
50%. In another study by Bonnechère et al. 
(2012) to assess the effect of processing on 
pesticide residues in carrots, it was found 
that washing and peeling each decreased 
the concentration of the pesticides in the 
carrots by 90%. In other studies 
(Keikotlhaile 2010; Soliman 2001) it was 
found that frying combined with washing 
could reduce pesticides residues in food 
crops up to 50%.  
A comparison between the results 
of the deterministic and probabilistic 
methods (Fig. 3) showed that there is a 
significant difference (P < 0.05) between 
the two methods. The exposure values 
were consistently higher under the 
probabilistic approach than under the 
deterministic approach. This confirms the 
assertion that the deterministic dietary 
exposure assessment method has the 
tendency to either underestimate or 
overestimate exposure while the 
probabilistic method gives more accurate 
estimates of exposure (Finley and 
Paustenbach 1994; Kirchsteiger 1999; 
Rivera-Velasquez et al. 2013).  
Human exposure to pesticides 
through the consumption of food is as 
important as any of the other routes of 
exposure. As a result there has been 
research in Ghana to determine human 
exposure to pesticides via the consumption 
of fruits and vegetables, maize, cowpea 
and Bambara beans (Akomea-Frempong 
et al. 2017; Akoto et al. 2013;  Bempah et 
al. 2016; Donkor et al. 2015). The results 
as observed in this study, conform with 
some of the studies done in Ghana and in 
the UK (Akomea-Frempong et al. 2017; 
Bempah et al. 2016; Donkor et al. 2015) 
on fruits and vegetables, including yam, in 
which the produce were contaminated 
with pesticides, but no risk of dietary 
intake was observed. The results were 
different from other studies in Ghana 
(Akoto et al. 2015;) in which risk of intake 
to organochlorine and organophosphate 
pesticides was observed. These studies 
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considered children and also cumulative 
risk of the various pesticides when one 
eats all the vegetables concerned. The 
results, as far as glyphosate is concerned 
also conform with the studies of EFSA 
(2016). 
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Fig. 3. Comparison of EDI of farmers to fenpropimorph and fenitrothion between the deterministic and the 
probabilistic methods. 
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RESUME 
Wumbei A., Issahaku A., Abubakari A., Lopez E. et Spanoghe, P. 2019. Evaluation des 
risques de consommation des résidus de pesticides dans l’igname. Tunisian Journal of 
Plant Protection 14 (2): 49-64. 
 
Les pesticides chimiques ont largement contribué à la production agricole à travers le monde. Cependant, 
l'exposition humaine aux pesticides reste une préoccupation majeure. La consommation alimentaire est 
une source importante d’exposition humaine aux pesticides. Les effets négatifs potentiels des pesticides 
ont entraîné une réglementation stricte de la production et de l'utilisation des produits, en particulier dans 
les pays développés. Pour faire face aux effets négatifs potentiels des pesticides, les évaluations des 
risques sont généralement effectuées par des experts scientifiques afin d’établir les niveaux des risques 
et de proposer des stratégies de gestion des risques. L'igname est un produit alimentaire largement 
consommé par les africains à la maison et par la diaspora. Les producteurs d'igname utilisent des 
pesticides pour la production de cette culture au fil des années. Le public est préoccupé par les effets sur 
la santé de l’exposition aux résidus. Cette étude visait à évaluer le risque d'ingestion de 12 pesticides par 
le régime alimentaire, dont cinq insecticides (cadusafos, fénitrothion, imidaclopride, profénofos et 
propoxur), quatre fongicides (carbendazime, fénpropimorphe, métalaxyl, propiconazole) et trois 
herbicides (bentazone, glyphosate et pendhalin) dans l’igname cultivé par des agriculteurs de la zone 
traditionnelle du Nanumba au Ghana. Les données de résidus et les données de consommation ont été 
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collectées et combinées pour obtenir l'absorption journalière estimée (EDI). Trois approches 
(déterministe, distribution simple et probabiliste) ont été adoptées dans le calcul de l'EDI et les valeurs 
de l'EDI ont été comparées à la dose journalière admissible (ADI) des différents pesticides afin de 
déterminer s'il existait un risque d'ingestion. L’étude a révélé que l’EDI des agriculteurs utilisant les 
douze pesticides visés par l’approche déterministe et la distribution simple, était inférieur à leur ADI fixé 
par la Commission de l’UE. Cependant, l'EDI d'environ 10% des producteurs de fenpropimorphe et de 
fénitrothion était supérieur à leur ADI. 
 
Mots clés: Consommation, déterminisme, évaluation des risques liés aux pesticide, probabiliste, l’igname 
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صخلم 
 .غونابس رتيبو زيبول سيبليديإو ركبوبأ الله دبعو قاحسإ نامحرلا دبعو يراكوبأ ،يابميو2019 . كلاهتسا رطاخم مييقت
                          .مايلا ةعارز يف تاديبملا اياقبTunisian Journal of Plant Protection14 (2): 49-64.                                
 
 يرشبلا ضرعتلا لازي لا ،كلذ عمو .ملاعلا ءاحنأ عيمج يف يعارزلا جاتنلإا يف ريبك لكشب ةيئايميكلا تاديبملا تمهاس
 ةلمتحملا ةيبلسلا راثلآا تدأ .ءاذغلا كلاهتسا وه تاديبملل يرشبلا ضرعتلل ةمهملا رداصملا دحأ .غلاب قلق ردصم تاديبملل
لاو جاتنإ يف مراص ميظنت ىلإ تاديبملل ةلمتحملا ةيبلسلا راثلآا ةجلاعمل .مدقتملا ملاعلا يف ةصاخو ،تاجتنملا مادختسل ،تاديبم
 ةرادلإ تايجيتارتسا ميدقتو رطاخملا تايوتسم ديدحتل نييملع ءاربخ لبق نم رطاخملل تامييقت ءارجإ متي ام ةداع هذه
لا يف عساو قاطن ىلع ةقرافلأا اهكلهتسي ةيئاذغ ةعلس يه ماي .رطاخملا وعرازم مدختسي .ءاوس دح ىلع تاتشلا يفو نطو
 مايلالا )ةولحلا اطاطبلا نم عون( جاتنإ يف تاديبمةعارزلا هذه  رعشي .نينسلا رم ىلعسانلا مومع  ةيحصلا راثلآا ءازإ قلقلاب
نع مجنت دق يتلاد  ضرعتلاتاديبملا اياقب ىلإ.  تممُص هذه رطاخم مييقتل ةساردلاعلاتبا 12 لآا تاديبم نم كلذ يف امب ،تاف
 سوفاسوداك( ةيرشح تاديبم ةسمخو نويثورتينيفو ديربولكاديميإويرطف تاديبم ةعبرأو )روسكوبوربو سوفونيفور ة
 ميزادنيبراك(و فروميبربونيفو ليسكلااتيموثلاثو )ليزانويابوربة  ةيبشع تاديبم(نوزاتناب وتازوفيلاغ ونيلاذنب يف )
 ةعارز ابمونان ةقطنم يف مايلا.اناغ يف ةيديلقتلا  تانايب عمج متاياقبلا  اهجمدو كلاهتسلاا تانايبوجارختسلا صاصتملاا 
( ردقملا يمويلاEDIانم ةثلاث دامتعا مت .)يح طيسب عيزوت ،يمتح(،  يف )يلامتحااحت باسصاصتملاا  ردقملا يمويلا تمتو
 ميق ةنراقم اذهصاصتملاا  ردقملا يمويلا عمةعرجلا لايموية لالوبقمة (ADI فلتخمل )لا تاديبمكلذو  ناك اذإ ام ديدحتل
 كانهمخا رطعلاتبلاا عم.  نأ ةساردلا تفشكوصاصتملاا  ردقملا يمويلاا دنع نيعرازمللنثلاا تاديبملت رشع يةفدهتسملا 
ىحنملاب  ىحنمبو يمتحلاطيسبلا عيزوتلا،  نم لقأ ناكصاصتملاا  لوبقملا يمويلاهتطبض يذلا  .يبورولأا داحتلاا ةيضوفم
 ناك ،كلذ عموصاصتملاا ردقملا يمويلا ىدل  يلاوح10%  نيعرازملا نمنْيديبملل فروميبربونيف  ونويثورتينيف  ىلعأ
 نمةعرجلا لايموية لالوبقمة دنع.مه 
 
حيتافم تاملك : رطاخم مييقت ،ةيلامتحلاا ،ةيمتحلا ،كلاهتسلاالامايلا ،تاديبم   
__________________________________________________________________________ 
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